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Synthetic protocols and analytical data  

General: All reagents were purchased from Aldrich or ABCR and 10 

were used without further purification. Dry solvents were obtained 
by standard literature procedures, in particular THF and toluene by 
distillation from a Na/benzophenone slurry and CH2Cl2 was 
distilled over CaH. All reactions were carried out under N2 
protection gas atmosphere. 1H-NMR and 13C-NMR spectra were 15 

recorded on a Bruker Ultra Shield 300 MHz and 500 MHz, the J 
values are given in Hz. MALDI-TOF MS spectra were recorded on 
a PerSeptive Biosystems Voyager –DE PRO time-of-flight mass 
spectrometer. EI-MS were recorded on a Finnigan MAT 95Q mass 
spectrometer. Thin layer chromatography (TLC) was carried out on 20 

Merck silica gel 60 F254 plates and column chromatography (CC) 
using Merck silica gel 60 (0.040-0.063 mm). Elemental analyses 
were recorded using a ThermoQuest FlashEA 1112 N/Protein 
Analyzer.  
 25 

Tetrafluoroisophthalaldehyde (2) was synthesized 
according to a reported protocol.1:  
To 2,3,4,6-Tetrafluoroisophthalonitrile (10.89 g, 
54.43 mMol) in argon bubbled toluene (500 mL) at 
0°C a 1.5 M diisopropylaluminiumhydride toluene 30 

solution (100 mL, 150 mMol) was added. After 2.5 h 
at room temperature the reaction mixture was cooled to 0°C. 
EtOAc (20 mL) and 2N HCl (300 mL) was added. The organic 
layer was separated and the aqueous layer extracted with CH2Cl2. 
The combined organic layers were adsorbed on silica (30 g). 35 

Column chromatography (silica, toluene) yielded in 2 (5.34 g, 
25.91 mMol, 48 %) as beige solid. 1H-NMR(CDCl3): 10.15 (s, 
2H). 13C-NMR(CDCl3): 111.77 (m); 137.42 (d,t,d Jd = 255, Jt = 
15, Jd = 6); 154.29 (d,m Jd = 255); 159.71 (d,m Jd = 255); 181.48 
(d J = 6). EI-MS: 207 (9); 206 (100, M+); 205 (61); 177 (55); 149 40 

(57); 99 (35). 
 
 
 

1,3-Bis-(2’,2’-dibromoethenyl)-2,4,5,6-tetra-45 

fluorobenzene (3):  
To a suspension of CBr4 (50 g, 150 mMol) and 
zinc powder (9.75 g, 150 mMol) in dry CH2Cl2 
(100 mL), a solution of PPh3 (39.5 g, 150 
mMol) in dry CH2Cl2 (400 mL) was added 50 

dropwise over 2 h at RT. After completed addition, the mixture 
was stirred for 20 h. A solution of 2 (7.5 g, 36 mMol) in dry 
CH2Cl2 (80 mL) was added to the above suspension. After 
stirring for 2 h, the suspension was filtered through a silica short 
plug with CH2Cl2. Further purification by CC (silica, hexane) 55 

provided 3 (17.1 g, 33.03 mMol, 92%) as a white solid. 1H-NMR 
(250 MHz, CDCl3) δ 7.22 (s, 2H). 13C-NMR (75 MHz, CDCl3) δ 
99.8, 111.6 (m), 124.0, 137.8 (d,m Jd = 244.2), 148.1 (d,m Jd = 
255.2), 150.7 (d,m Jd = 251.3). EI-MS m/z 517.4 [M+]. Anal. 
calcd. for C10H2Br4F4 (517.7): C 23.20, H 0.39; found: C 23.29, 60 

H 0.62. 
  

1,3-Bis-bromoethynyl-2,4,5,6-tetrafluoro-
benzene (4):  
To a solution of 3 (11.0 g, 21 mMol) and 65 

benzyltriethylammoniumchloride (0.5 g, 2.2 
mMol) in THF (100 mL), a solution of 
KOH (60 g, 1.07 mol) in water (60 mL) was 

added. The mixture was stirred for 2 h at RT. The organic phase 
was separated and washed with saturated aqueous NaHCO3. 70 

Purification by CC (silica, hexane) afforded 4 (7.0 g, 19.7 mMol, 
94%) as a white solid. 13C-NMR (75 MHz, CDCl3) δ 62.9 (q J = 
3.5 Hz), 65.1 (d J = 3.75 Hz), 100.0 (t,m Jt = 22.2), 137.5 (d,m Jd 
= 252.0), 152.6 (d,m Jd = 259.9), 160.0 (d,m Jd = 257.7). EI-MS 
m/z 355.9 [M+]. Anal. calcd. for C10Br2F4 (355.9): C 33.75; 75 

found: C 33.59. 
 

2,6-Dibromo-4-hexyl-phenylamine (5):  
To a 1000 mL flask in an ice/water bath 4-
hexylanniline (25 g, 141 mMol) and DMF (200 mL) 80 

were added. A solution of N-bromosuccinimide 
(62.5 g, 0.35 mol) in DMF (200 mL) was added 
dropwise within 1 hour to the stirred hexylaniline 

solution. The reaction mixture was stirred for another 3 h. After 
removing of DMF with reduced pressure, purification by CC 85 

(silica, hexane) afforded 5 (40 g, 119 mMol, 85%) as a red 
crystal. 1H-NMR (250 MHz, CDCl3) δ 0.92 (t, 3H), 1.31 (br, 6H), 
1.55 (m, 2H), 2.48 (t, 2H), 4.42 (s, 2H), 7.22 (s, 2H). 13C-NMR 
(75 MHz, CDCl3) δ 14.6, 23.0, 29.2, 31.8, 32.1, 34.8, 109.2, 
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131.9, 135.0, 140.1. EI-MS m/z 334.8 [M+]. Anal. calcd. for 90 

C12H17Br2N (335.08): C 43.01, H  5.11; found: C 43.33, H 4.88.  
 
1,3-Dibromo-5-hexyl-benzene (6):  
A 1000 mL flask equipped with a magnetic stirrer, a 
reflux condenser and an oil bath was charged with 5 95 

(40 g, 119 mMol) in dry ethanol (800 mL) and 
concentrated H2SO4 (50 mL). The reaction mixture 
was stirred and heated to 75°C and NaNO2 (25 g, 

362 mMol) was added in small portions. After completed 
addition, the reaction mixture was stirred for another 2 h at 75°C. 100 

Subsequently the reaction mixture was cooled in an ice bath and 
ice-water (300 mL) was added. Extraction with CH2Cl2, drying 
over MgSO4 and evaporation of the solvents provided the crude 
product. CC (silica, hexane) yielded 6 (26 g, 81.2 mMol, 68%) as 
colorless oil. 1H-NMR (250 MHz, CDCl3) δ 0.92 (t, 3H), 1.30 (s, 105 

6H), 1.60 (m, 2H), 2.56 (t, 2H), 7.28 (d, 2H), 7.50 (t, 1H). 13C-
NMR (75 MHz, CDCl3) δ 14.6, 23.0, 29.3, 31.5, 32.1, 35.8, 
123.2, 130.7, 131.7, 147.2. EI-MS m/z 319.8 [M+]. Anal. calcd. 
for C12H16Br2 (320.06): C 45.03, H 5.04; found: C 45.33, H 5.11. 
 110 

1-Hexyl-3,5-bis-[2’,2’-(triisopropyl-
silanyl)-ethynyl]-benzene (7):  
To a 500 mL flask equipped with a 
reflux condenser 6 (8 g, 25 mMol), 
triisopropylacetylene (15.5 g, 85 115 

mMol), dry triethylamine (150 mL), 
Pd(PPh3)4 (0.8 g, 0.67 mMol) and CuI (0.26 g, 1.3 mMol) were 
added. The suspension was degassed with N2 and stirred for 18 h 
at 80°C under a N2 atmosphere. After removal of the solvent, CC 
(silica, hexane) provided 7 (11.2 g, 21.4 mMol, 86%) as a 120 

colorless oil. 1H-NMR (250 MHz, CDCl3) δ 0.92 (t, 3H), 1.16 (s, 
42H), 1.32 (br, 6H), 1.60 (m,2H), 2.60 (t, 2H), 7.25 (d, 2H), 7.41 
(t, 1H). 13C-NMR (75 MHz, CDCl3) δ 11.7, 14.5, 19.0,  23.0, 
29.3, 31.6, 32.0, 35.8, 91.0, 106.8, 123.9, 132.4, 133.0, 143.4. EI-
MS m/z 522.2 [M+-H]. Anal. calcd. for C34H58Si2 (523.00): C 125 

78.08, H 11.18; found: C 77.84, H 10.97. 
 

3-Ethynyl-5-hexyl-phenylethynyl)-triiso-
propylsilane (8) and 1,3-diethynyl-5-hexyl-
benzene (9):   130 

TBAF (0.15 g) in THF (15 ml) was dropped 
to the stirred solution of 7 (15 g, 28.7 
mMol) in wet THF (150 mL) (containing 
1% water) over 30 minutes. After stirring 
for 4 h at RT, removal of the solvent 135 

followed by CC (silica, hexane) provided 8 
(2.9 g, 7.9 mMol, 28%) and 9 (1.09 g, 5.2 
mMol,18%) both as colorless oils. The 
remained starting compound 7 was 

recovered. 3-Ethynyl-5-hexyl-phenylethynyl)-triisopropyl-silane 140 

(8): 1H-NMR (250 MHz, CDCl3) δ 0.93 (t, 3H), 1.16 (s, 21H), 
1.32 (br, 8H), 1.63 (m, 2H), 2.60 (t, 2H), 3.08 (s, 1H), 7.30 (m, 
2H), 7.47 (t, 1H); 13C-NMR (75 MHz, CDCl3) δ 11.7, 14.5, 19.1, 
23.1, 29.3, 31.5, 32.1, 35.9, 77.6, 83.5, 91.3, 106.8, 122.5, 124.1, 
132.4, 132.7, 133.4, 143.6; EI-MS m/z 366.1 [M+]. Anal. calcd. 145 

for C25H38Si (366.6): C 81.89, H 10.45; found: C 81.90, H 10.21; 
1,3-diethynyl-5-hexyl-benzene (9): 1H-NMR (250 MHz, CDCl3) δ 
0.91 (t, 3H), 1.32 (br, 6H), 1.58 (m, 2H), 2.58 (t, 2H), 3.08 (s, 
1H), 7.31 (s, 2H), 7.47 (t, 1H); 13C-NMR (75 MHz, CDCl3) δ 
14.5, 23.1, 29.2, 31.5, 32.0, 35.9, 77.8, 83.3, 122.6, 132.9, 133.4, 150 

143.6; EI-MS m/z 210.1 [M+]. Anal. calcd. for C16H18 (210.3): C 
91.37, H 8.63; found: C 91.11, H 8.48. 
 

1-(2’,3’,4’,6’-tetrafluoro-5’-bromo-
ethynylphenyl)-4-(3’’-hexyl-5’’-triiso-155 

propylsilaneethynylphenyl)-buta-1,3-diyne 
(10):  
A 250 mL flask was charged with 4 (3.56 
g, 10 mMol), Pd2(dba)3·CHCl3 (0.103 g, 
0.1 mMol) and CuI (0.05 g, 0.26 mMol) in 160 

dry toluene (120 mL) and dry 
diisopropylethylamine (12 mL). The 
solution was degassed by bubbling with 
N2. A solution of 8 (0.80 g, 2.2 mMol) in 

dry toluene was added dropwise within 2 h at RT. The reaction 165 

mixture was stirred for another 2 h at RT. Removal of the 
solvents under reduced pressure and CC (silica, hexane) afforded 
10 (0.90 g, 1.4 mMol, 64%) as a yellow solid. 1H-NMR (250 
MHz, CDCl3) δ 0.90 (t, 3H), 1.14 (s, 21H), 1.32 (br, 6H), 1.61 
(m,2H), 2.58 (t, 2H), 7.32 (t, 2H), 7.50 (t, 1H). 13C-NMR (75 170 

MHz, CDCl3) δ 11.2, 14.1, 18.6, 22.6, 28.9, 31.0, 31.6, 35.4, 
62.6, 64.8, 65.1, 73.0, 84.2, 84.6 (q), 91.6, 99.5 (t,m Jt = 32.6), 
105.8, 120.8, 124.0, 132.3, 133.4, 133.5, 137.3 (d,m Jd = 251.1), 
143.6, 152.7 (d,m Jd = 260.6), 160.3 (d,m Jd = 258.6). MALDI-
ToF-MS m/z 641.3 [M+H]+ calcd. for C35H37BrF4Si (640.18).  175 

 
 
1-(2’,3’,4’,6’-tetrafluoro-5’-bromoethynyl-
phenyl)-4-(3’’-hexyl-5’’-ethynylphenyl)-buta-
1,3-diyne (11):  180 

A solution of TBAF (0.4 g, 1.53 mMol) in 
THF (15 ml) (pH = 7.5, adjusted with 
AcOH) was added dropwise to a solution of 
10 (0.7 g, 1.1 mmol) in wet THF (50 mL) 
(containing 1% water) over 30 minutes. The 185 

reaction mixture was stirred for e h at RT 
before the solvents were removed under 
reduced pressure. CC (silica, hexane) gave 

11 (0.03 g, 0.06 mMol, 5.6%) as colorless oil. 1H-NMR (250 
MHz, CDCl3) δ 0.90 (t, 3H), 1.32 (br, 6H), 1.63 (m,2H), 2.59 (t, 190 

2H), 3.10 (s, 1H), 7.35 (s, 2H), 7.49 (t, 1H). 13C-NMR (75 MHz, 
CDCl3) δ 14.1, 22.5, 28.8, 31.0, 31.6, 35.4, 62.7, 64.8, 65.3, 73.0, 
77.9, 82.5, 83.9, 84.5, 99.7, 121.0, 122.6,132.9, 133.4, 133.6, 
137.3 (d,m Jd = 253.3), 143.7, 152.4 (d,m Jd = 259.4), 160.0 (d,m 
Jd = 256.4). MALDI-ToF-MS m/z 484.3 [M]+ calcd. for 195 

C26H17BrF4 (484.0).    
 

1,3-di-(4’-(3’’-
hexyl-5’’-
triisopropylsilane-200 

ethynylphenyl)-
buta-1’,3’-diynyl)-
2,4,5,6-tetra-
fluorobenzene 
(12):  205 

A 500 mL flask 
was charged with 

4 (3.0 g, 8.4 mMol), Pd2(dba)3·CHCl3 (0.20 g, 0.19 mMol) and 
CuI (0.26 g, 1.36 mMol) in dry toluene (150 mL) and dry 
diisopropylethylamine (15 mL). The solution was degassed by 210 

bubbling with N2. A solution of 8 (6.2 g, 16.9 mMol) in dry 
toluene was added dropwise and the reaction mixture was stirred 
for 3 h at RT under N2. Removal of the solvents under reduced 
pressure and CC (silica, hexane) provided 12 (5.2 g, 5.6 mMol, 
67%) as a light brown solid. 1H-NMR (250 MHz, CDCl3) δ 0.93 215 

(t, 6H), 1.16 (s, 42H), 1.32 (br, 12H), 1.63 (m,4H), 2.60 (t, 4H), 
7.34 (t, 4H), 7.52 (t, 2H). 13C-NMR (75 MHz, CDCl3) δ 11.3, 
14.1, 18.6, 22.6, 28.9, 31.0, 31.6, 35.4, 65.1, 73.0, 84.3, 84.7 (d), 
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91.6, 99.5 (t,m Jt = 21.9), 105.8, 120.8, 124.0, 132.3, 133.4, 
133.5, 137.3 (d,m Jd = 247.6), 143.6, 152.6 (d,m Jd = 261.1), 220 

160.3 (d,m Jd = 261.2). EI-MS m/z 926.0 [M-H]+. Anal. calcd. for 
C60H74F4Si2 (927.39): C 77.71, H 8.04; found: C 77.46, H 7.70. 

 
1,3-di-(4’-(3’’-
hexyl-5’’-ethynyl-225 

phenyl)buta-1’,3’-
diynyl)-2,4,5,6-
tetrafluorobenzene 
(13):  
TBAF (0.5 g) in 230 

THF (50 mL) was 
added dropwise to the stirred solution of 12 (2.0 g, 2.2 mMol) in 
wet THF (150 mL) (containing 1% water) over 30 minutes. After 
stirring for 4 h at RT, the solvents were removed under reduced 
pressure and CC (silica, hexane) of the residue gave 13 (1.05 g, 235 

1,7 mMol, 79%) as brown solid. 1H-NMR (250 MHz, CDCl3) δ 
0.91 (t, 6H), 1.33 (br, 12H), 1.61 (m,4H), 2.60 (t, 4H), 3.10 (s, 
2H), 7.36 (t, 4H), 7.50 (t, 2H). 13C-NMR (75 MHz, CDCl3) δ 
14.5, 23.0, 29.2, 31.4, 32.0, 35.8, 65.6(d), 73.5, 78.3, 82.8, 84.4, 
85.0, 99.5 (t,m Jt = 22.1), 121.4, 123.0, 133.3, 133.8, 134.0, 137.8 240 

(d,m Jd = 252.1), 144.1, 152.6 (d,m Jd = 261.9), 160.2 (d,m Jd = 
261.1). EI-MS m/z 614.0 [M+]. Anal. calcd. for C42H34F4 
(614.71): C 82.06, H 5.57; found: C 81.86, H 5.69. 

 
1,3-di-(4’-(2’’,3’’,4’’,6’’-245 

tetrafluoro-5’’-bromo-
ethynylphenyl)buta-1’,3’-
diynyl)-5-hexylbenzene 
(14):  
A 100 mL flask was 250 

charged with 4 (1.0 g, 2.8 
mMol), Pd2(dba)3·CHCl3 
(0.02 g, 0.019 mMol) and 

CuI (0.02 g, 0.1 mMol) in dry toluene (20 mL) and dry 
diisopropylethylamine (1 mL). The solution was degassed by 255 

bubbling with N2. A solution of 9 (0.07 g, 0.33 mMol) in dry 
toluene (2 mL) was added dropwise and the reaction mixture was 
stirred for 3 h at RT under N2. Removal of the solvents under 
reduced pressure and CC (silica, hexane) afforded 14 (0.09 g, 
0.12 mMol, 36%) as a brown solid. 1H-NMR (250 MHz, CDCl3) 260 

δ 0.91 (t, 3H), 1.32 (br, 6H), 1.62 (m, 2H), 2.61 (t, 2H), 7.41 (d, 
2H), 7,54 (t, 1H). 13C-NMR (75 MHz, CDCl3) δ 14.0, 22.6, 28.8, 
30.9, 31.6, 35.4, 62.8 (q, dq = 3.3), 64.7 (t, Jt = 3.1), 65.6 (t, Jt = 
3.3), 73.5, 83.4, 84.3 (m), 99.2 (t,m Jt = 18.9), 99.8 (t,m Jt = 18.0), 
121.4, 133.7, 133.9, 137.3 (d,m Jd = 251.8), 144.1, 152.3 (d,m Jd 265 

= 260.9), 160.0 (d,m Jd = 259.6). MALDI-ToF-MS m/z 759.5 
[M+H]+ calcd. for C36H16Br2F8 (757.95).   

 
1,3-di-(4’-(3’’-
hexyl-5’’-(4’’’-270 

(2’’’’,3’’’’,4’’’’,6’
’’’-tetrafluoro-
5’’’’-bromo-
ethynyl-
phenyl)buta-275 

1’’’,3’’’-diynyl)-
phenyl)buta-1’,3’-
diynyl)-2,4,5,6-
tetrafluorobenzene 
(15):  280 

A 100 mL flask 
was charged with 4 (0.8 g, 2.2 mMol), Pd2(dba)3·CHCl3 (0.02 g, 
0.019 mMol) and CuI (0.02 g, 0.1 mMol) in dry toluene (20 mL) 

and dry diisopropylethylamine (1 mL). The solution was 
degassed by bubbling with N2. A solution of 13 (0.2 g, 0.33 285 

mMol) in dry toluene (2 mL) was added dropwise and the 
reaction mixture was stirred for 3 h at RT under N2. Removal of 
the solvents under reduced pressure and CC (silica, hexane) 
afforded 15 (0.2 g, 0.17 mMol, 53%) as a brown solid. 1H-NMR 
(250 MHz, CDCl3) δ 0.92 (t, 6H), 1.32 (br, 12H), 1.65 (m, 4H), 290 

2.62 (t, 4H), 7.42 (s, 4H), 7.55 (d, 2H). 13C-NMR (75 MHz, 
CDCl3) δ 14.0, 22.6, 29.0, 31.0, 31.6, 35.4, 62.8, 64.7, 65.6, 73.5, 
83.4, 83.6, 84.3 (m), 84.5 (m), 99.2 (m), 99.5 (m), 100.0 
(m),121.4, 133.7, 134.0, 137.3 (d,m Jd = 250.6) 137.5 (d,m Jd = 
252.0), 144.1, 152.3 (d,m Jd = 260.4), 152.7 (d,m Jd = 261.9) 295 

160.0 (d,m Jd = 259.6), 160.3 (d,m Jd = 259.7). APCI-MS m/z 
1164.0 [M+]. Anal. calcd. for C62H32Br2F12 (1164.7): C 63.94, H 
2.77; found: C 64.32, H 2.90. 
 
7,8,9,25,26,27,43,44,45,56,58,60-Dodecafluoro-17,35,53-300 

trihexyl-heptacyclo [41.3.1. 1 6,10. 1 15,19. 1 24,28. 1 33,37. 1 
42,46]hexatriaconta-1(55), 6, 8, 10(56), 15, 17, 19(57), 24, 26, 
28(58), 33, 35, 37(59), 42, 44, 46(60), 51, 53-octadecaene-2, 4, 
11, 13, 20, 22, 29, 31, 38, 40, 47, 49-dodecayne (1): 
 305 

Macrocycle 1 from 15 and 9: 
A stirred solution of Pd2(dba)3·CHCl3 (0.04 g, 0.04 mMol) and 
CuI (0.02 g, 0.1 mMol) in dry toluene (450 mL) and dry 
diisopropylethylamine (5 mL) was degassed by bubbling with N2. 
Within 10 h a solution of 15 (0.140 g, 0.12 mMol) and 9 (0.025 g, 310 

0.12 mMol) in dry toluene (400 mL) was added dropwise under a 
N2 atmosphere. After stirring for 4 days the solvents were 
removed under reduced pressure. The residue was dissolved in 
toluene (15 mL), filtered and purified by size exclusion 
chromatography (SEC, Bio-Beads® S-X1, toluene) to provide 1 315 

(9.6 mg, 7.9·10-6 Mol, 6.6%) as brown solid. 1H-NMR (250 MHz, 
CDCl3) δ 0.91 (t, 9H), 1.28 (br, 24H), 2.21 (br, 6H), 6.67 (br, 
6H), 7.08 (br, 3H). 13C-NMR (125 MHz, d8-Toluene, 50 °C) δ 
13.8, 22.5, 29.1, 30.4, 31.6, 34.9, 66.1, 74.6, 81.4, 84.5, 100.0 
(m), 121.9, 132.3, 134.1, 136.5 (d,m Jd = 255), 143.6, 152.0 (d,m 320 

Jd = 255), 160.5 (d, Jd = 255). APCI-MS m/z 1212.2 [M+-H]. 
Anal. calcd. for C78H48F12 (1213.2): C 77.22, H 3.99; found: C 
76.95, H 4.12. 
 
Macrocycle 1 from 13 and 14:  325 

A stirred solution of Pd2(dba)3·CHCl3 (0.03 g, 0.03 mMol) and 
CuI (0.015 g, 0.078 mMol) in dry toluene (700 mL) and dry 
diisopropylethylamine (3 mL) was degassed by bubbling with N2. 
Within 10 h a solution of 13 (61.4 mg, 0.10 mMol) and 14 (75 
mg, 0.10 mMol) in dry toluene (120 mL) was added dropwise 330 

under a N2 atmosphere. After stirring for 4 days the solvents were 
removed under reduced pressure. The residue was dissolved in 
toluene (15 mL), filtered and purified by SEC (Bio-Beads® S-
X1, toluene) and CC (silica, toluene) to provide 1 (5.1 mg, 4.2·10-

6 Mol, 4.2%) as brown solid. 335 

 
Macrocycle 1 from 4 and 9:  
A stirred solution of Pd2(dba)3·CHCl3 (0.21 g, 0.2 mMol) and CuI 
(0.1 g, 0.5 mMol) in dry toluene (1300 mL) and dry 
diisopropylethylamine (5 mL) was degassed by bubbling with N2. 340 

Within 10 h a solution of 4 (0.712 g, 2 mMol) and 9 (0.42 g, 2 
mMol) in dry toluene (500 mL) was added dropwise under a N2 
atmosphere. After stirring for 4 days the solvents were removed 
under reduced pressure. The residue was dissolved in toluene (15 
mL), filtered and purified by size exclusion chromatography 345 

(SEC, Bio-Beads® S-X1, toluene) and CC (silica, toluene) to 
provide 1 (1.2 mg, 1·10-6 Mol, 0.15%) as brown solid. 
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Concentration- and temperature dependent 1H-NMR 
investigations   

Table. Chemical shifts of the exo-annular and the endo-annular 350 

protons of the macrocycle 1 at different concentrations and 
temperatures. Chemical shifts for the monomer (δm) and the 
dimer (δd) as well as the dimerization constants (K2) at different 
temperatures were obtained by fitting the data to the equation2 
below using the Origin® software from Microcal™. 355 

 
δ = δm + (δd - δm) [1+{(1-(8·K2·Conc + 1)½/(4·K2·Conc)}] 
 

 
 360 

 
 
 
 
 365 

 

 
 
 
 370 

 
 
 
 
 375 

 
 

 
 
 380 

 
 
 
 
 385 

 
 

a)Total concentration of the macrocycle 1 (in mM). b)calculated chemical shift for the protons of the monomer. c)calculated chemical shift 
of the protons of the dimer. d)calculated dimerization constant (in M-1). e)Average association constant of both protons at given 
temperature (in M-1). 
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van’t Hoff plot of the temperature dependent KDim values 
obtained from the 1H-NMR analysis   

 
 390 

The slope B is equal to -∆H/R and the axis intercept A is equal to 
∆S/R. 
 
With R = 8.314 Jmol-1K-1: 
 395 

∆H = - B×R = 7708 × 8.314/1000 = - 64.08 ± 2.6 kJ · mol-1 

 

∆S = A×R = -18.8 × 8.314 = -156.3 ± 8.90 J·mol-1·K-1   
 
And at 20°C: 400 

   
∆G293 K = ∆H - T∆S  
             = - 64.08 - 293 (-156.3)/1000 = -18.3  ± 5.2 kJ·mol-1 
 

References 405 
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Fig. van’t Hoff plot of the dimerization of the macrocycle 1 in CDCl3. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice




